Introduction
============

Interactivity and tests as measurement of learning success are critical aspects of high-grade teaching and of great importance not only to students, but also to teachers. Posing in-class test questions at the end of curricular units presents an effective tool not only for increasing student interactivity and attentiveness, but also for confirming successful learning \[[@R9]\]. Preszler et al. documented that in practice often only a small percentage of students participate in dialogues with the teacher during class \[[@R24]\]. Despite this, student feedback is an essential factor for the students themselves, the teachers, and overall for the quality of teaching \[[@R11]\], \[[@R14]\], \[[@R15]\]. Through effective feedback, students and teachers can recognize if their learning behaviors and teaching methods are successful or not and where improvements in performance are needed \[[@R4]\]. For about 20 years now, it has been known that feedback in medical education has a positive effect on the learning process and is a main factor for improved performance in exams \[[@R5]\], \[[@R13]\]. Van Houten and van Houten \[[@R29]\] demonstrated in their study that in the conventional lecture setting immediate feedback during class is superior to delayed response by corrected papers. If feedback is given following an incorrect answer, care should be taken that any resulting discussion does not address why a mistake was made, but rather focus on the relevant information that leads to the correct answer, so-called "targeted feedback" \[[@R18]\]. Musch \[[@R20]\] also points out that in controlled, empirical studies, an elaborate feedback leads to better performance than basic information about the accuracy of the given answer. By detailed discussion of the issues surrounding the questions asked, the student receives renewed information about the correct response which promotes the learning process. Thus, the elaborative, informative feedback is primarily suitable following incorrect responses \[[@R5]\], \[[@R16]\], \[[@R18]\].

The advantage of anonymous computerized quizzes lies in the opportunity to "learn without embarrassment". Even weaker students can evaluate themselves and realize what they have learned in the preceding class session or where learning deficiencies exist. The audience response system (ARS) allows to ask multiple choice questions directly to the auditorium using a projector (see Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). The projection of the results indicates for the instructor not only which aspects need to be addressed more detailed, but also shows weaknesses in the content, along with any deficiencies concerning prior knowledge of the students. Rubio et al. reported \[[@R25]\], that a study group which used ARS during lectures on Radiology scored substantially higher in a test three months afterwards than the control group which did not participate in interactive lectures with ARS. In dental medicine, students who very frequently experienced ARS in lectures, performed significantly better than students who used ARS less often or not at all \[[@R8]\], \[[@R22]\], \[[@R23]\], \[[@R24]\], \[[@R25]\]. Based on the fact that there are still too few empirical findings on this topic, the following research question was addressed.

Issue under investigation
=========================

Does a course which uses an audience response system (ARS) with elaborate feedback result in a higher level of education among students than a lecture without the elaborate feedback?

Methods
=======

The following study was approved by the ethical commission of Hannover Medical School (study no.: 1006-2011). The students (n=74) during their first clinical semester (summer semester 2011) were randomly assigned to a study or a control group. The randomization was done by the Institute of Biometry at Hannover Medical School considering the factors age, sex, and performance during the preliminary medical examination ("Physikum"). In terms of the content, the lectures for the study and control group had the same structure and used the same presentation slides. In the course on conservative dentistry, both groups received the same lecture content on various sub-disciplines (cariology, periodontology, endodontology, pediatric dentistry) from the same instructor. During each lecture, students answered five multiple-choice questions (see Figure 1 [(Fig. 1)](#F1){ref-type="fig"}) on the stated learning objectives using an ARS. This number of questions was chosen because the recommended number of questions within a 50-minute class session is between two to four \[[@R3]\] and two to five \[[@R2]\]. To assure quality, all multiple-choice questions were subjected to a pre- and post review process \[[@R26]\]. Department employees conducted a test for comprehension, logic, and hints about the correct answer. Parallel to the lecture, five times per week in the afternoon, the practical preclinical course in conservative dentistry was held, during which students acquired the necessary practical skills in the field of conservative dentistry for the subsequent clinical courses (see Table 1 [(Tab. 1)](#T1){ref-type="fig"}).

In a seminar, the participating instructors attended an introduction to the use of feedback and feedback rules by the principal investigator. In this study, elaborate, informative feedback that is given directly in spoken form was applied. After announcing the correct answer, the students in the study group received a detailed feedback from the instructors, regardless of whether the majority had responded correctly or incorrectly. The elaborate feedback covered a brief summary of the reasons why a certain answer was correct and, if needed, why the other possible answers were not applicable. For the control group, only the correct answer was displayed and the lecture was then resumed without discussing the question or answer in further depth. For both groups, the particular lecture sessions lasted 45 minutes, with or without feedback. At the completion of the lecture series, an evaluation survey with 18 questions based on a 6-point Likert scale and a computerized multiple-choice final exam (20 items) was performed. Data were analyzed in cooperation with the Institute for Biometry using SAS 9.2. The results of the final exam were evaluated using a primary and secondary analysis. For the primary analysis, a covariance analysis (ANCOVA) was calculated to compare the results in both groups taking into account the stratification defined by performance on the preliminary medical examination. To confirm the primary analysis, a two-sample T-test was used as a secondary analysis in order to compare the performance results in both groups.

Results
=======

The evaluation of the exams showed no significant difference between the results of the study and the control group. The 37 participants in the study group earned an average of 14.49 points, and the 36 participants in the control group scored only slightly lower with an average of 14.42 points (-0.07 points). The results of the final exam showed no significant difference between the study and control group (p=0,362) even with the application of a covariance analysis and taking the co-variable "score on the preliminary medical examination" into consideration. Likewise, when verifying the primary analysis with the T-test, no significant difference (p=0,873) was detected between the two groups.

73 of 74 student surveys could be analyzed. Eighty-five percent of the students rated the use of ARS to be useful. Ninety percent of the surveyed students agreed on the statement that a class with ARS is more motivating (see Figure 2 [(Fig. 2)](#F2){ref-type="fig"}). 81% of the students indicated that they participated more actively in the lecture due to the ARS. The evaluation showed that the students rated the use of ARS very positive and would like the system to be integrated into other lectures.

Discussion
==========

The aim of the present study was to bring more interaction into the student lectures by using a specifically applied elaborate feedback and an audience response system and by facilitating successful studying among students. The results of the computerized final exam demonstrated no significant difference between the study and the control group. Thus in this study, the elaborate feedback is not a factor that, together with an ARS, positively influenced learning.

A criterion which could have influenced these results was the fact that the practical preclinial course in conservative dentistry took place parallel to the lectures. It was taught by the same instructors who also gave the lectures. During the practical course, all students had the opportunity to talk to the teachers and ask questions, inorder to clarify misunderstandings, and learn more about a specific topic. In addition, there were multiple practical demonstrations for both groups on performance of the various techniques, during which, at least from time to time, the theoretical context of the practical work was addressed. As a result, the students in the control group could have received a feedback outside of the lectures. This might have been especially important when they addressed the topics more intensively while preparing for the final exam. If they felt the need for clarification, they were able to ask questions about the requested topic during the practical course. Not allowing the control group to ask questions during the lecture or the practical course would have been one possibility for limiting the influence of external factors, but this is ethically not justifiable in practice.

Another factor which could have influenced the students is the challenge of answering multiple-choice questions during the lectures. The participants in both groups automatically were dealing with the topics in more depth than they would have done during the more traditional lecture setting. As a result of these multiple-choice exercises, the effect of the elaborate feedback may have been obscured, as already described by Gauci et al. \[[@R12]\].

For many students, multiple-choice questions pose a challenge if they are not trained in processing them. Since in each of the ten lectures, five multiple-choice questions were asked, a certain amount of practice may have been developed over the time and made it easier for the students to respond to the multiple-choice questions during the final exam. Stoddard and Piquette assumed in their study that the intensified focus on the curricular content makes additional feedback superfluous \[[@R27]\].

A further limitation concerning this study could have been the low number of test subjects (73 students). For reasons directly related to capacity, the participants of our study were limited to the students in their first clinical semester. A multi-center study with a much higher number of test subjects (\>11.000) might demonstrate significant findings, but poses questions regarding the practicability.

Nevertheless, an ARS creates a positive learning atmosphere. This is confirmed not only by the evaluations and observations of other studies \[[@R1]\], \[[@R7]\], \[[@R10]\], \[[@R17]\], \[[@R19]\], \[[@R25]\], \[[@R28]\], but also by the results of the present investigation. The majority of students in this study affirmed that a course with the ARS approach is more motivating than a purely traditional lecture setting because it leads to active participation and better imparting of the curricular content.

Also in previous studies, it was not the ARS itself which was considered of being responsible for the increased levels of attention and participation, in some cases even for better exam results, but rather the interactivity that results from the application of an ARS \[[@R12]\], \[[@R21]\], \[[@R23]\].

Conclusion
==========

Though no significant difference in the final exams of the study and the control group were found, the positive evaluation results of this study show that an audience response system helps to create a positive and interactive learning atmosphere between instructors and students. Therefore, the use of the ARS can be strongly recommended during lectures.
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